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T cells with B-cell-like recognition properties
Recent results suggest there are fundamental differences in antigen
recognition by cx3 and yb T-cell receptors, which might underlie
possible differences in function between these two types of T cell.
In vertebrates, specific immunity is maintained by B and
T lymphocytes. B cells express surface immunoglobulins,
recognize intact antigens and make soluble antibodies.
They provide defenses primarily against the extracellular
phase of bacterial and viral infections. Classical T-cell
responses are provided by T cells expressing the acd T-cell
antigen receptors (TCRs) on their surfaces. Functionally,
they can be divided into cytotoxic T cells, which are able
to lyse infected cells, and helper T cells, which secrete
lymphokines and stimulate B cells and macrophages.
T cells expressing the c(3 TCR are particular effective
against intracellular pathogens because they recognize
peptide fragments derived from intracellular proteins that
are bound to specialized cell surface proteins encoded by
the major histocompatibility complex (MHC) loci.
Although a3 T cells were originally defined on the basis
of functional studies, a new class of T cells, bearing a
second type of receptor heterodimer - the yb TCR -
was identified as a result of the serendipitous isolation of
the TCR y chain gene. In humans and mice, yb T cells
make up only a small fraction of the T lymphocytes, but
in birds and hoofed mammals they are more numerous.
Despite intense effort, their role in the immune system
remains elusive (reviewed in [1,2]). Initial studies showed
that yb T cells fail to be significantly involved in most
immune responses. However, recent studies with mice
deficient in (a and/or yB T cells showed that there are
both quantitative (as reflected in the lethal dose of
pathogen) and qualitative differences in the way an infec-
tion is cleared (reviewed in [3,4]). In addition, mice
lacking (o cells were clearly immune-compromised
when compared to mice that have both oup and y8 T
cells. This indicates that yb T cells do contribute to
immune defenses, but in a manner distinct from odd T
cells. Although recent results suggest that some y8 T
cells may have specialized functions, such as producing
tissue-specific growth factors [2], earlier studies showed
that most yb T cells can secrete lymphokines similar to
those produced by ua T cells, and can mount cytolytic
responses upon antigenic stimulation. These results sug-
gest that, although yb T cells may be triggered by
different stimuli, they are nevertheless closely related to
ol3 T cells in their responses.
During the past two years, a number of studies have
shown that yb T cells have profound differences in their
antigen-recognition requirements from those of o( T
cells. Specifically, many of them appear not to require
antigen processing nor presentation by specialized
antigen-presenting cells. In addition, the antigens they
recognize do not have to be proteins.
y8 T cells recognize protein antigens as intact molecules
The discovery of y T cells was unexpected, so
experiments designed to characterize their specificity
have drawn heavily on our knowledge of ca T cells.
Because most o3 T cells recognize peptide derived from
protein antigens that are 'processed' (digested) inside the
host cell and presented by MHC molecules, it was
assumed that yb T-cell recognition would have similar
requirements. Even when early work showed that classi-
cal MHC molecules are not involved in recognition by
yb6 cells, it was assumed that non-classical MHC mol-
ecules, heat-shock proteins or as-yet-unidentified surface
proteins might act as antigen-presenting molecules.
Recently, the antigen-processing and -presentation
requirements for Yb T-cell recognition have been evalu-
ated in three model systems that allow a precise interpre-
tation of the results; first, recognition of the mouse class II
MHC molecule IEk by the yb T-cell clone LBK5 [5]; sec-
ond, recognition of the mouse nonclassical MHC class I
molecules of the TL type, T10 and T22, by the y8 T-cell
clone G8 [5,6]; and third, recognition of a herpes simplex
virus glycoprotein, gI, by the T-cell clone TgI4.4 [7].
The first two of these model systems were designed to
compare the role of MHC molecules in acx3 versus yb
T-cell recognition. In particular, experiments were set up
to ask to what extent the peptides bound to the MHC
molecules confer specificity; what kind of antigen pro-
cessing is required; and whether the MHC molecules are
recognized similarly by both a and yb T cells. Strik-
ingly, it was found that neither manipulations that influ-
ence the repertoire of peptides loaded onto the MHC
molecule, nor the addition of particular peptides to the
MHC molecules affects T-cell stimulation. The peptide
bound to the MHC molecule does not, therefore, confer
specificity. In addition, the topology of MHC-peptide
recognition is different in yb than in ac3 T cells. LBK5
recognizes IEk not from the top of the peptide-MHC
complex but from the side, away from the peptide-bind-
ing groove of the MHC molecule. In all three model sys-
tems, soluble recombinant antigenic proteins bound to
plastic, but not in solution, could stimulate their respec-
tive y/ T-cell clone. Therefore, neither peptides bound
to these proteins, nor peptides derived from them, were
recognized by the yb T-cell clones; instead, these intact
proteins themselves are recognized as antigens.
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Fig. 1. (a) In B cells, membrane-bound immunoglobulin binds a vast array of different antigen types. Multivalent antigens induce B-cell
stimulation. (b) The y8 TCR binds a vast array of different antigen types. Again, only multivalent antigens induce stimulation. The CD3
complex and other costimulatory molecules are necessary for full activation of the cell. (c) The 3ap TCR binds peptide-MHC com-
plexes. The CD3 complex and other costimulatory molecules are necessary for full activation of the cx3 T cell.
'yb T cells can be stimulated by non-peptide antigens
It has been observed that yb T cells from the peripheral
blood of healthy individuals, or from patients with
tuberculoid leprosy or rheumatoid arthritis, respond to
heat-killed mycobacterium. The major stimulatory com-
ponents in the mycobacterium have been shown to be
phosphate-containing non peptide molecules. In par-
ticular, three studies identified mycobacterium-derived
stimulating agents as follows. The first study found stim-
ulation by a non-protein compound of low molecular
weight (1-3 kDa), containing unusual carbohydrate and
phosphate moieties [8]. The second study found four dis-
tinct, but related, molecules termed TUBag 1-4, being
5'-triphosphorylated uridine and thymidine, substituted
at their y phosphate by a low molecular weight structure
that has yet to be identified, and naturally occurring
non-nucleotide fragments thereof [9]. The third found
isopentenyl pyrophosphate and related prenyl pyro-
phosphate derivatives [10] to act as stimulating agents;
included among the derivatives are synthetic alkenyl and
prenyl derivatives of phosphate and pyrophosphate, as
well as y-monoethyl derivatives of nucleoside and deoxy-
nucleoside triphosphate. Each of these compounds can
stimulate particular y T-cell clones, with the pyro-
phosphate and the TTP/UTP y-derivatives being the
most potent.
Although the relative biological importance of these
compounds remains to be determined, a consensus among
these different studies is that a major class of stimulants are
phosphate-containing non-peptides. It is also clear that
distinct phosphate-containing compounds are able to stim-
ulate different clones with different efficacies. Another im-
portant finding is that all these compounds can be found
in both microbial and mammalian cells [9,10]. Thus, they
may provide a link between the recognition by y8 T cells
of a number of microbial or viral pathogens and the
recognition of transformed, damaged or stressed host cells.
The key antigen-binding structures of the y8 TCR are similar
to those of immunoglobulin
X-ray structural analysis of antibody-antigen complexes
has shown that the loops created by the V(D)J junction
(CDR3 region) of immunoglobulin heavy and light
chains are always involved in antigen contact. Similarly,
the junctional loops of both ot and 3 TCR chains seem
to be critical for peptide recognition. It is therefore rea-
sonable to assume that the analogous regions in y/ TCR
chains also play an important role in antigen recognition
(Fig. 1). To search for a structural basis for the difference
in antigen-recognition properties of oa3 TCRs, y8
TCRs, and immunoglobulins, Rock et al. [11] analyzed
the CDR3 length distribution of all known antigen-
receptor polypeptides from mouse and human.
In immunoglobulin light chains, CDR3 regions are
short and constrained in length, but those of the heavy
chain are long, on average, with a more variable length.
This may reflect the fact that immunoglobulins recog-
nize a variety of different antigenic surfaces, from small
molecules to large pathogens. For o and 3 TCR chains,
the analogous 'CDR3' length distributions are signifi-
cantly constrained and are about equal in length. This
probably reflects the requirement for ca and 3 chains of
the receptor to contact both the MHC molecule and its
bound peptide. Surprisingly, in the y TCR, the y
chain 'CDR3' loops are short with a narrow length
distribution, and the chain's equivalent regions are
long with a broad length distribution. On the basis of
this key structural component for antigen binding, then,
the y8 TCR is more similar to immunoglobulin than to
the c[3 TCR.
B-cell-like recognition, but T-cell-like signaling
Although y8 TCRs as a group may be more immuno-
globulin-like in their antigen-recognition properties,
the intracellular signaling mechanisms of y T cells are
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probably closer to those of ol3 T cells. In particular, the
ya TCR, like the o TCR, requires association with
CD3 molecules in order to be expressed on the cell sur-
face; crosslinking of the engaged receptors is necessary
for signaling; and cell-surface antigens can be recognized
as such, but recognition of soluble antigens - such as the
phosphate compounds - would require an association
with surface molecules to achieve multivalency under
physiological conditions.
Another characteristic of antigen-specific ol3 T-cell
signaling is the requirement for a 'second signal', transmit-
ted through 'accessory' and/or 'costimulatory' molecules.
It appears that ya T cells may similarly depend on two or
more signals for full activation [1]. However, y T cells
reside in a variety of different sites and express different
types and quantities of surface molecules, so it is conceiv-
able that they may have different activation requirements.
Significance for yb T-cell function in vivo
The results discussed above suggest that y T cells can
respond to antigens that are not recognized by ot[ T
cells, and they are also able to respond to pathogens,
damaged tissue and cells directly, initiating immune
responses without a requirement for antigen-processing
or 'professional' antigen-presenting cells. This gives y8 T
cells greater flexibility than the more classical aot T cells
in mediating cellular immunity. An understanding of the
rules underlying antigen recognition and the characteris-
tics of target antigens holds the key to understanding yo
T-cell function. The results discussed here suggest ways
in which results with model systems can be extrapolated,
in order to approach a better appreciation of the roles of
y/ T cells in the immune system.
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